Quantum-enhanced measurements of magnetic fields are experimentally demonstrated using a microcavity optomechanical magnetometer and squeezed states of light. We attain an improvement of the magnetic field sensitivity of 20% using 2.2dB phase-squeezed states.
Introduction
Cavity optomechanical field sensors serve as effective magnetometers with high sensitivity under ambient condition, spatial resolution in order of tens of microns and microwatt optical power requirements [1] . Here, for the first time we are interfacing a cavity optomechanical magnetometer with squeezed light to experimentally demonstrate quantum enhanced magnetic field sensing. Specifically, a magnetic field induced expansion of a magnetostrictive material is transduced onto the physical structure of a toroidal whispering gallery mode resonator and sensed as a modulation on the optical cavity field. Probing the system with squeezed light lowers the noise floor of the magnetometer and therefore enables measurements with a greater bandwidth than would be possible with classical light. With weak probing powers quantum sensing outperforms classically driven systems also on peak sensitivity. Our results are a proof-of-concept demonstration of the performance improvement of quantum enhanced force sensing in cavity optomechanical field sensors.
Magnetic Field Sensing
The optical fields from both coherent laser source and phase-squeezed 1064 nm light source are coupled to a tapered optical fibre and subsequently evanescently coupled to the optical resonance of a micro-toroiod device, which serves as an optical cavity and mechanical oscillator. A magnetic field which is produced by a coil placed above the toroid is transduced by deformation of magnetorestrictive material (terfenol-D) to the mechanical motion of the toroid, thereby shifting the resonance frequency [2] . The mechanical motion imprinted on the phase of optical probe field is detected by homodyne detection. Fig.1(a) shows the schematics of experimental setup, in Fig.1(b) shows the toroid with Terfanol-D deposition. 
Quantum-Enhanced Measurement
The response to the magnetic field is enhanced at the mechanical resonant frequency of the toroid. At the resonance frequency the thermal noise is dominating all the measurement noise sources for high probing powers. Lowering the probe power, thermal noise becomes comparable to the laser noise and at the weak measurement limit, the laser noise becomes the dominant noise source. Using squeezed light lowers the laser noise floor and thus improve the signal to noise ratio [3] . Outside the mechanical resonance, the measurement noise floor is given by the laser shot noise and thus the sensitivity is improved by the squeezed probe.
Experimental Results
In Fig.2 we plot the sensitivity as a function of frequency for coherent (red traces) and squeezed (green traces) light probes. At the mechanical resonance frequency of 8.5 MHz the transition from thermal noise limited Fig.2(a) (high probe power) to laser noise limited Fig.2(b) (low probe power) regime is evident. Using a high probe power, the peak sensitivity saturates and is equal for coherent and squeezed probes. Decreasing the probe power, a sensitivity enhancement is observed that scales as 1/ √ V .
(a) ( b ) 
Conclusion
In conclusion, we have performed proof-of-concept measurements showing quantum-enhanced magnetic field sensing using phase-squeezd light. We have showed that using 2.2 dB of squeezing improves the peak sensitivity by 20 % for low probe power. Using the squeezed light enables to reach the same sensitivity with lower probe power compared to the coherent light and enables measurements over an extended bandwidth.
